Calcium (Ca 2+ ) homeostasis is crucial for development and survival of virtually all types of cells including glia of the central nervous system (CNS). Astrocytes, oligodendrocytes and microglia, the major glial cell types in the CNS, are endowed with a rather sophisticated array of Ca 2+ -permeable receptors and channels, as well as store-operated channels and pumps, all of which determine Ca 2+ homeostasis. In addition, glial cells detect functional activity in neighbouring neurons and respond to it by means of Ca 2+ signals that can modulate synaptic interactions. Like in neurons, Ca 2+ overload resulting from dysregulation of channels and pumps can be deleterious to glia. In this review, we summarize recent advances in the understanding Ca 2+ homeostasis in glial cells, the consequences of its alteration in cell demise as well as in neurological and psychiatric disorders that experience glial cell loss.
Introduction
Glial cells are capable of responding to electrical and chemical stimuli, including neurotransmitters, neuromodulators, and hormones via changes in intracellular Ca 2+ levels [1] . Ca 2+ signalling in glial cells can regulate gene expression, development and differentiation, and it can also initiate cell death. Although Ca 2+ -mediated events require a raise in the cytosolic concentration of this cation ([Ca 2+ ] i ), prolonged increases and Ca 2+ overload can be lethal to cells, as it activates Ca 2+ -sensitive protein-digesting enzymes and causes membrane disintegration. Ca 2+ is implicated in programmed cell death or apoptosis. Apoptosis is important both in the formation of tissue patterns during development, and in pathological conditions undergoing cell degeneration, such as Alzheimer's disease and multiple sclerosis.
In normal Ca 2+ signalling, there is a continuous shuttling of Ca 2+ between mitochondria and endoplasmic reticulum. The lumen of this organelle harbours most of the intracellular Ca 2+ while mitochondria contain low levels of this cation.
Both depletion of Ca 2+ from endoplasmic reticulum and from the mitochondrial matrix results in cytosolic Ca 2+ overload and the subsequent activation of stress signals, which ultimately initiates programmed cell death [2] . Mounting evidence shows that perturbed Ca 2+ homeostasis in glia plays a prominent role in the pathogenesis of neurodegenerative diseases suggesting potential benefits of preventive and therapeutic strategies that restore Ca 2+ signalling. In this review, we briefly summarize some of the major processes regulating Ca 2+ homeostasis in glial cells, how aberrant Ca 2+ signalling causes damage to these cells and the relevance of these alterations to diseases of the CNS.
Types of glial cells
The mammalian CNS consists of two main cell types, neurons and glia. Neurons are directly involved in electrical transmission and information processing, and glia carry out many indispensable functions, both in development and during the normal function of the mature CNS [3] . They are also major players in the reaction of the nervous system to disease and trauma. Glial cells are subdivided in macroglia, namely astrocytes and oligodendrocytes, and microglia. The macroglial cells are from ectodermal origin, whereas microglia stem from the mesoderm. Astrocytes are probably the most diverse population of glial cells. They participate in numerous functions including structural support, uptake of neurotransmitters, regulation of extracellular cation levels, and metabolic support of neurons. Some astrocyte processes contact blood-brain barrier, which protects the CNS from being exposed to endogenous neurotoxins present in the general circulation. Astrocytes also enwrap synaptic contacts between neurons and release neuroactive substances that modulate synaptic transmission. A major mediator of astrocyte signalling is Ca 2+ , which can propagate through the astrocytic syncitium over long distances and thus, modulate neuronal activity at a distant location [4] .
Oligodendrocytes form one of the most highly specialised cellular structures in the body, the myelin sheath. They produce myelin proteins such as myelin basic protein, proteolipid protein, myelin-associated glycoprotein and cyclic nucleotide phosphodiesterase. In white matter, their function is to enwrap axons and form the myelin sheaths. Oligodendrocytes myelinate up to 30-40 axons by generating processes which end in a myelin sheath. Extrusion of cytoplasm and compaction of the stacked membrane bilayers leads to formation of a myelin segment, which provides electrical insulation around the axon. Oligodendrocyte death results in demyelination, impaired axonal conduction and ultimately loss of axons.
Microglial cells stem from the monocytic lineage and thus, have many features common with this cell lineage. They are immunocompetent and can express molecules such as the major histocompatibility complex. Under physiological conditions, microglial cells are in resting state, but after any disturbance of the nervous system, they activate and convert into a cytotoxic and phagocytic cell. They are rapidly activated and recruited to sites of infection, neurodegeneration and inflammation. Microglia are stimulated by a variety of cytokines, neurotransmitters, modulators and neurotoxins, as well as extracellular matrix molecules and proteases present in the areas of the CNS undergoing inflammation. They are competent presenter of antigen and interact with T cells entering the CNS. They also synthesise cytokines, chemokines, complement, cell adhesion proteins, reactive oxygen radicals and neurotrophins that could exert a damaging or a protective effect on adjacent neuron, axons, myelin and oligodendrocytes [5] .
Regulation of Ca 2+ signalling in glial cells
The general mechanisms of [Ca 2+ ] i homeostasis are common to all eukaryotic cells [6] . Glial cells control both intracellular Ca 2+ levels and the location of Ca 2+ ions through a complex interplay between Ca 2+ influx from the extracellular space across the plasma membrane into the cytoplasm, Ca 2+ release from internal stores into the cytosol, Ca 2+ extrusion from the cytoplasm across the plasma membrane and Ca 2+ sequestration into intracellular stores. In this section, we will outline a number of major events as to how glial cells control Ca 2+ signals.
Ca 2+ influx by ionotropic receptor activation
Ca 2+ influx into glial cells can occur via three different mechanism: (1) Ca 2+ -permeable receptor operated channels, which are triggered by ligand binding, (2) voltage-operated Ca 2+ channels, which are activated by depolarization of the plasma membrane and (3) Ca 2+ -permeable store-operated channel, which are opened upon depletion of intracellular Ca 2+ stores and aid in replenishing the Ca 2+ depleted stores.
Glial cells express many types of ligand-gated channels that are permeable to Ca 2+ , including glutamate and ATP receptors. Ionotropic glutamate receptors, mainly of the AMPA and kainate type, are commonly present in astrocytes and oligodendrocytes [7] as well as in microglia [8] . Astrocytes in the hippocampus express glutamate receptors of the AMPA subtype. In young individual astrocyte, a mosaic of Ca 2+ -permeable and less Ca 2+ -permeable AMPA receptor exists. After maturation a low divalent permeability dominate in older cells [9] . Glutamatergic regulation of astrocytic [Ca 2+ ] i may be involved in synapse modelling, long-term potentiation and other events dependent on glutamatergic transmission in adult hippocampus [10] .
In differentiated oligodendrocytes, both in vitro and in situ, AMPA receptors are homomeric and/or heteromeric entities formed by subunits GluR3 and GluR4 and lack GluR2, a configuration which allows Ca 2+ entry upon receptor activation [11] . In addition, the kainate receptor subunit GluR6, which is expressed in oligodendrocytes, is edited to a low extent, [12, 13] a molecular property that again results in native kainate receptors that are more permeable to Ca 2+ [14] . In oligodendrocytes, selective activation of AMPA and kainate leads to Ca 2+ influx ( Fig. 1A and B) , an effect that is totally abolished by non-NMDA receptor antagonists or by removing Ca 2+ from the extracellular media [15, 16] . In culture, a short exposure to agonists of AMPA and kainate receptor causes olygodendrocyte death. This toxicity is directly related to Ca 2+ influx subsequent to receptor activation, and it is greatly attenuated in the absence of Ca 2+ in the culture medium [17, 18] . Notably, the molecular cascades initiated by AMPA and kainate receptors are not identical which suggests that different intracellular domains are involved in executing the death program triggered by these receptors (Fig. 2) .
Evidence for the presence of Ca 2+ -permeable glutamate receptors in microglial cells is still lacking. While the composition of these receptor is very heterogeneous and includes GluR-1, GluR-2, GluR-3 and GluR-4 subunits [8] , it appears that activation of native receptors in microglia does not increase [Ca 2+ ] i [19] .
Ionotropic purinergic receptors (P2X) receptors are ligand-gated non-specific cation channels, which increase [Ca 2+ ] i both by allowing direct Ca 2+ ion entry and by an inward Na + current, which depolarises the cell and opens voltage-operated Ca 2+ channels [20] . Glial cells express a heterogeneous repertoire of P2X receptors including P2X 1,2,3,4,6,7 [21] , all of which trigger Ca 2+ influx across the plasmalemma. Activation of P2X1 and P2X3 results in fast, rapidly desensitising currents. In contrast, P2X7, and also P2X2 and P2X4, are capable of a conformational change that results in larger pore diameter following prolonged exposure to ATP [22] . In cultured astrocytes, P2X7 receptor increases [Ca 2+ ] i and causes purine release [23] . There is also immunohistochemical evidence for glial expression of P2X1 in the cerebellum [24] , of P2X2 throughout the CNS glia [25] , and of P2X1-4, P2X6 and P2X7 in hippocampal astrocytes [21] .
Initial evidence of the presence of functional P2X receptors in glial cells was obtained in microglia few years ago. In these cells, activation of P2X7 receptors with ATP induces an increase in [Ca 2+ ] i [26] , which in turn causes the release of interleukin-1␤ [27] . The presence of P2X7 receptors in microglia is relevant to pathology, since at high concentrations of ATP, such as those occurring in CNS injury, activation of the this non-desensitizing receptor causes high [Ca 2+ ] i increases which could drive microgliosis. Later on, it was observed that astrocytes and oligodendrocytes of the optic nerve respond in situ to P2X receptor agonists and that the activated receptors fall into the pore-forming class [28] which suggest that macroglial cells may also experience Ca 2+ overload and ATP excitotoxicity. Indeed, we found that oligodendrocytes both in vitro and in vivo express P2X2, P2X4 and P2X7 receptors with high permeability to Ca 2+ (Fig. 3A) and that sustained activation of these receptors causes cell death [29] .
Voltage-activated Ca 2+ channels
Glial cells express voltage-gated Ca 2+ channels (VGCC) which can be activated by elevated levels of K + generated under physiological conditions. This feature endows glial cells with the molecular machinery to detect high levels of neuronal activity, and integrate such a signal by activating Ca 2+ -mediated mechanisms. Alternatively, cell depolarization can occur by activating ligand-gated ion channels, such as glutamate or ATP receptors (see previous section). Indeed, glutamate-mediated depolarization can activate VGCCs in astrocytes as well as in glial precursor cells [30, 31] .
L-, N-and R-type VGCCs were identified in cultured rat cortical astrocytes by whole-cell patch-clamp experiments and by RT-PCR detection of mRNA [32] . Depolarization of these cells with KCl resulted in large increases in [Ca 2+ ] i [33] . In addition, freshly isolated mature hippocampal astrocytes However, Ca 2+ influx via AMPA-R and Kai-R alone is sufficient to initiate cell death in oligodendrocytes. Ca 2+ overload induces rapid uptake by mitochondria, which results in Ψ attenuation and an increase in the production of reactive oxygen species (ROS). Cytochrome c (Cyt c) is released from depolarized mitochondria, interacts with apoptotic protease activating factor 1 (Apaf-1) and activates caspases. Insults channelled through Kai-R activate caspases 9 and 3, whereas those activating AMPA-R recruit caspases 8 and 3, poly(ADP-ribose)-1 or cause necrosis. In addition, Ca 2+ influx triggered by Kai-R activation but not by AMPA-R, involves activation of calcineurin (CdP). Proapoptotic Bad is dephosphorylated by CdP, which facilitates its association with Bcl-xL and thus counteracts the anti-apoptotic effect of Bcl-2 and Bcl-xl. Abbreviations: AIF, apoptosis-inducing factor; FADD, Fas-associated death domain; 14-3-3, phosphoserine-binding protein 14-3-3. express a variety of VGCCs and Ca 2+ influx through these channels substantially increases [Ca 2+ ] i [34] . Thus, astrocytes express a variety of VGCCs which suggests that these channels may indeed play a critical role in Ca 2+ regulation in neuron-to-glia crosstalk and other functions.
Oligodendrocytes are heterogeneous with respect to VGCCs expression. In cultured oligodendrocytes, the expression of functional VGCCs depends on the developmental stage. Thus, they are present in early oligodendrocyte precursors, absent in immature oligodendrocytes, and again re-express in mature oligodendrocytes [35] . However, the amplitude of Ca 2+ currents recorded in oligodendrocytes was lower than that observed in neurons. In situ studies confirmed the presence of Ca 2+ currents in progenitors but not in mature oligodendrocytes [36, 37] . It is plausible that VGCCs are not detected in these cells because they are located in the periphery of oligodendrocytes or confined to domains such as the paranodal loops, and thus facilitate axoglial signalling during myelination by detecting electrical activity through changes in [K + ] o [38] .
The evidence for the presence of VGCC in migroglia is very limited. Activation of microglia with BAY K 8644, a VGCC activator, induces a very small Ca 2+ current [39] . In turn, chemokines, ␤-amyloid as well as prion protein trigger [Ca 2+ ] i signals that are sensitive to the VGCC blockers verapamil, nifedipine, diltiazem or nimodipine [40, 41] [42] . This suggests that these channels may be expressed at lower levels and/or that their expression may depend on the conditions used to culture microglia.
Store-operated channels
Ca 2+ release from internal stores involves activation of inositol 1,4,5-triphosphate (InsP 3 )-gated Ca 2+ release channels and the Ca 2+ -gated channel or ryanodine receptor (RyR). InsP 3 Rs link plasma membrane receptor activation with the release of Ca 2+ from intracellular stores [43] . The production of InsP 3 is achieved by the activation of phospholipase C coupled via G proteins with plasmalemmal metabotropic receptors. This signalling pathway is activated by glutamate in astrocytes [44] , oligodendrocyte progenitors [45] , mature oligodendrocytes ( Fig. 1C and D) and microglia [44] . Other neurotransmitters activating metabotropic receptors in glia include ATP via P2Y receptors [28] and adenosine acting at P1 purinergic receptors (Fig. 3B) .
Functional Ca 2+ release from intracellular stores occurs in astrocytes, however, these cells lack ryanodine-sensitive calcium stores [46] . Interestingly, a functional crosstalk between IP 3 Rs and RyRs occurs in oligodendrocyte progenitors [47] . Moreover, RyR inhibition by dantrolene attenuates cell death by AMPA-R activation in mature oligodendrocytes (Fig. 4) . In neurons, Ca 2+ binding proteins can directly activate InsP3R in the absence of InsP3 [48] , a mechanism which may be relevant to shaping changes in intracellular Ca 2+ concentration by InsP 3 -independent pathways, including Ca 2+ influx produced by ionotropic receptor activation [49] . However, this signalling process has not been as yet described in glial cells.
Empty Ca 2+ stores favour plasmalemmal Ca 2+ permeability associated with the activation of specific, store-operated plasmalemmal Ca 2+ channels [50] . This route of Ca 2+ entry is critical to Ca 2+ homeostasis in non-excitable mammalian cells [51] and appears to play a significant role also in astrocytes, oligodendrocytes and microglia [52] [53] [54] .
Ca 2+ extrusion and sequestration
ATP-dependent Ca 2+ pumps in the plasma membrane (PMCAs) maintain the [Ca 2+ ] gradient across the plasma membrane of all eukaryotic cells. Under conditions of high Ca 2+ load the Ca 2+ pumps are aided by Na + /Ca 2+ -exchangers, which passively use the Na + gradient to extrude Ca 2+ from the cytoplasm. There is little information on the properties of ATP-dependent Ca 2+ pumps in glial cells. In oligodendrocytes, La 3+ -sensitive Ca 2+ -ATPases are primarily responsible for the restoration of the basal [Ca 2+ ] i after depolarization [38] . In contrast, the expression and function of the Na + /Ca 2+ exchanger in glial cells has been characterized. In ouabain-treated astrocytes, reverse functioning of this exchanger produces a dramatic increase in [Ca 2+ ] i under conditions of elevated [Na + ] i [55] . However, extrusion of Ca 2+ by the reversal operation of the Na + /Ca 2+ exchanger in oligodendrocytes has not significant effect in regulating [Ca 2+ ] i after Na + and Ca 2+ overload subsequent to sustained activation of AMPA and kainate receptors [15] .
In addition to Ca 2+ extrusion from the cytoplasm to the extracellular space, cells pump and sequester cytoplasmic Ca 2+ into the endoplasmic reticulum (ER) and mitochondrion. The sarcoplasmic/endoplasmic Ca 2+ ATPase (SERCA) replenishes Ca 2+ into ER stores and thus, plays a crucial role in G-protein/InsP3-mediated signalling. A [Ca 2+ ] i rise results in the activation of SERCA, but also of the transporter of mitochondria, the PMCAs and, in some cells, also the Na + /Ca 2+ exchanger of the plasmalemma. The balance among these fluxes, especially between ER and plasmalemma, can vary profoundly depending on both arquitecture of the cytoplasmic area and the distribution of pumps, channels and transporters, which can be variable [56] .
An SERCA isoform, SERCA2m is expressed in astrocytes whereby it forms Ca 2+ signaling complexes with InsP3R and with plasmalemma microdomains containing the Fig. 4 . Ryanodine receptor inhibition by dantrolene attenuates oligodendrocyte death by AMPA receptor activation. Cells were exposed to dantrolene and cyclothiazide (CTZ) 100 M before (10 min) and during (5 min) AMPA or glutamate (Glu) incubation. Viable cells were counted 24 h later. Dantrolene reduces oligodendrocyte death by excitotoxic insults initiated by AMPA receptor. Error bars represent the mean ± S.E.M. * P < 0.01 compared with agonist. Na + /Ca 2+ exchanger NCX1, all of which are linked through the cytoskeletal spectrin network [57] . In oligodendrocyte processes, multiple domains with elevated SERCA staining are always associated with mitochondria, a spatial relationship which is important for regulating microdomains of elevated Ca 2+ -release kinetics [52] . In turn, SERCA operation in microglia is modulated by external Cl − and inactivated by high depolarization [58] .
On the other hand, Ca 2+ buffering by mitochondria provides a potent mechanism to regulate the localized spread of Ca 2+ signals initiated either by receptor-mediated ER Ca 2+ release or mechanical stimulation in astrocytes [59] and by ionotropic and metabotropic receptors in oligodendrocyte precursors [60] . In addition, mitochondria efficiently buffer increases in Ca 2+ release from ER stores in astrocytes caused by pathological conditions such as hypoxia [61] or upon excitotoxic insults to oligodendrocytes [16] .
Perturbation of Ca 2+ homeostasis in glial cells under pathological conditions
The role of Ca 2+ as a death trigger was discovered three decades ago in myocytes subjected to ischemic insults [62] . Since then numerous studies have described that lethal influx of Ca 2+ can occur in many cell types as a consequence of receptor over-stimulation and exposure to cytotoxic agents (for a recent review see [63] ). Glial cells, like neurons, are vulnerable to Ca 2+ overload resulting from dysregulation of channels or pumps, and triggers either apoptotic or necrotic cell death. We summarize below current evidence about the mechanisms linking alterations in Ca 2+ homeostasis to glial cell death, and its putative relevance to gliopathies and glial loss in neurological diseases.
Apoptosis, Ca 2+ and glial cell death
Apoptosis, a form of active cell death, can be caused by a loss of Ca 2+ homeostatic control and by subtle changes in Ca 2+ distribution within intracellular compartments. Apoptotic cell death is initiated by extrinsic, receptor-mediated, or intrinsic, mitochondria-mediated, signalling pathways that cause proteolysis that ultimately lead to DNA breaks. Apoptotic cells generate apoptotic bodies which are engulfed rapidly by neighbouring macrophages. Necrosis, instead, is characterized by irreversible swelling of the cytoplasm and its organelles, which results in cell lysis and the release of harmful constituents. How the cell decides to die depends largely on the severity of the insult and the degree of mitochondrial function loss.
Mitochondria take up Ca 2+ which later is released by exchange systems, a cycle that dissipates energy. Excessive Ca 2+ uptake can activate the mitochondrial pathway of apoptosis signalling. This requires permeabilization of the outer mitochondrial membrane and the release of proapoptotic mitochondrial proteins including cytochrome c (Fig. 2) . Ca 2+ ionophores, chemotherapeutics, neurotoxins, pro-oxidants and other agents trigger apoptosis through this mechanism [63] . Ultimately, the apoptotic cascade activates proteases such as caspases and calpains which cleave numerous substrates including key components of the Ca 2+ signalling system such as the plasma membrane Ca 2+ -ATPase [64] .
Hypoxia-ischemia related diseases
Immature and differentiated oligodendrocytes are very sensitive to transient oxygen and glucose deprivation [65, 66] . In both instances, cell death is prevented by the removal of Ca 2+ from the culture medium and by AMPA/kainate receptor antagonists, but not by the blockade of other potential sources of Ca 2+ influx, which suggests that Ca 2+ entry through the receptor channel is sufficient to cell demise. These findings provided a direct link between ischemic damage to oligodendrocytes and excitotoxicity [67] . Notably, excitotoxic insults induce Ca 2+ overload into oligodendrocytes, oxidative stress, mitochondrial damage, and cell death by apoptosis or necrosis depending on the intensity of the insult [16] . In turn, apoptosis triggered by sustained activation of AMPA or kainate receptors can be caspase-dependent or poly(ADPribose)-1-mediated ( Fig. 2; [16] ). Consistent with the observations in vitro, permanent middle cerebral artery occlusion and brief transient global ischemia induce oligodendroglial death [68] .
A relatively prevalent and dramatic case of hypoxiaischemia-related disease is periventricular leucomalacia, a condition that causes diffuse cerebral white matter injury as the predominant lesion. Injury to oligodendrocyte progenitors, caused in part by glutamate and the subsequent derailment of Ca 2+ homeostasis, contributes to the pathogenesis of myelination disturbances in this illness [69] .
Astrocyte death upon hypoxia requires external Ca 2+ and is blocked by inhibitors of reversed Na + -Ca 2+ exchange, suggesting that injury was triggered by a rise in [Ca 2+ ] i [70] . In addition, cell culture and animal studies have shown that astrocytes undergo apoptosis after ischemia, especially in immature brain [71] . Like oligodendrocytes, astrocyte survival is improved by inhibitors of caspase-dependent cell death pathways, but also by blocking the poly (ADP-ribose)-1 cell death pathway. These features were only recently recognized since earlier studies relied on the use of GFAP as a marker, which is faintly expressed in the protoplasmic type of astrocytes [71] .
Demyelinating diseases
The major demyelinating disease of the CNS is multiple sclerosis. It is widely accepted that the aetiology of this illness has autoimmune and inflammatory grounds and that a derailment of the immune system leads to cell-and antibody-mediated attack to myelin. Notably, treatment of oligodendrocytes with antibodies to myelin-oligodendrocyte glycoprotein leads to an increase in Ca 2+ influx and activation of the MAPK/Akt pathways, a signaling cascade relevant to the initial steps of MOG-mediated demyelination [72] . In turn, blood-brain barrier caused by inflammation allows the entry into the brain parenquima of blood constituents, which may be deleterious to neurons and glia. Thus, elevated levels of albumin induced a rise in intracellular Ca 2+ in microglia, but not in astrocytes or macrophages, which is mediated via Src tyrosine kinase and phospholipase C. This Ca 2+ response is coupled to microglial proliferation suggesting that this signalling mechanism may play a role in microglial activation in pathological situations involving blood-brain barrier impairment as occurs in multiple sclerosis and in other neurodegenerative diseases [73] .
In addition, the proinflammatory cytokine IL-1␤ upregulates the expression in astrocytes of the highly Ca 2+ permeable P2X7 receptor which in turn enhances nitric oxide synthase activity in these cells [74] . In multiple sclerosis lesions, P2X7 levels are increased in reactive astrocytes in autopsy brain tissues suggesting that signaling via the P2X7R may modulate the astrocytic response to inflammation in the human CNS [74] .
Psychiatric disorders
Glial cell death has recently been detected in studies of post-mortem brain from psychiatric patients including schizophrenia, bipolar disorder and major depression. In particular, myelin components and oligodendrocyte number are reduced in cortical areas vulnerable to schizophrenia [75] . The nature of the mechanisms leading to hypomyelination and oligodendrocyte death is not known but it has been proposed that it can be caused by alterations in Ca 2+ homeostasis due to aberrant glutamate signalling in this insidious disease [75] . In addition, a reduction in GFAP has been found in both schizophrenia and bipolar disorder, which suggest a loss of astrocytes or astrocytic function [76] . Interestingly, lithium, which is widely used for the treatment of bipolar disorder, regulates a number of signal transduction intermediates including Ca 2+ homeostasis and has neuroprotective properties [77] .
Conclusions
Ca 2+ overload in astrocytes and oligodendrocytes can lead to cell demise. In addition, extracellular Ca 2+ -mediated signals that activate microglia can further contribute to macroglia cell death. Understanding the functional and pharmacological properties of Ca 2+ -permeable receptors and channels, store-operated channels and pumps in glia will be important to help cells coping with deleterious Ca 2+ levels and to develop therapeutical agents to treat CNS diseases in which glial cell loss occurs.
